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Abstract 
Badminton is a popular racquet sport. Unlike any other racquet sports, the object in play – the shuttlecock – has highly unique 
flight characteristics. Badminton shuttlecock is high drag projectile that decelerates rapidly in-flight. Shuttlecock trajectory is 
highly skewed as it falls at a much steeper angle than it rises. The design of the shuttlecock introduces unique aerodynamic 
characteristics. Shuttlecocks usually come in various speed grades, ranging from faster to slower. These shuttlecocks share the 
same appearance but perform very differently. Synthetic or plastic shuttlecock is more economical alternative to feather 
shuttlecock. However, their aerodynamic behaviour is more complex than feather shuttlecocks. Despite the popularity, limited 
studies have been undertaken to understand the complex aerodynamic behaviour of both feather and synthetic shuttlecocks, 
especially the flow characteristics around the shuttlecocks. Hence, the main purpose of this study is to understand the complex 
flow behaviour around a series of synthetic and feather shuttlecocks.  An experimental study was undertaken to understand the 
effect of skirt porosity on the drag coefficient. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University. 
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1. Introduction 
Badminton is a popular racquet sport, especially in Asia and Europe. Unlike other racquet sports, the projectile 
‘shuttlecock’ displays unique flight characteristics. It has very high drag that decelerates the shuttlecock greatly in-
flight. Additionally, its trajectory is highly skewed and falls at a much steeper angle than it rises. Shuttlecocks 
usually come in various speed grades, ranging from faster to slower. These shuttlecocks share the same appearance 
but perform very differently. There are no set rules for governing the flight performance of shuttlecocks, the 
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selections are made by the feeling of the umpires or preferences of the players. Clearly, performance of the 
shuttlecock would dictate the players’ strategies and the dynamics of badminton game. 
Synthetic or plastic shuttlecock was developed in the 1950s as a more economical alternative to feather 
shuttlecock. The synthetic shuttlecock manufacturers intend to produce shuttlecocks capable of delivering the same 
experience, feel and aerodynamic characteristics as feather shuttlecock to badminton players. However, the 
aerodynamic characteristics greatly vary between synthetic and feather shuttlecocks, Alam et al. [1-2]. 
Data on aerodynamic characteristics of badminton shuttlecock is scarcely available in the public domain. 
Shuttlecock manufacturers in house research data are not available in public domain. Limited data available in 
public domain did not focus much on the skirt porosity and its effect on the drag and flight trajectory (Alam et al. [1-
2], Cooke [4], Lin et al. [5] & Verma et al. [7]). As aerodynamic drag dictates shuttlecocks speed and flight 
trajectory, players need to develop their playing strategy based on shuttlecocks aerodynamic behaviour. Alam et al. 
[1-2]. Cooke [4] stated that feather shuttlecock has a relatively unchanged drag coefficient in the range of Reynolds 
number between 50,000 and 200,000. Synthetic shuttlecock, on the other hand, displays a decrease in drag 
coefficient as the Reynolds number increases. They suggested that it was due to skirt deformation of synthetic 
shuttlecock at high speed. Cooke observed from flow visualization that air can flow through gaps at the base of the 
feathers. The base bleed and the air flow over the feather meet at the end of the skirt and produce an unsteady flow 
at the blockage area behind the feather, which is then dissipated downstream. No strong, regular vortex pattern was 
found to emerge. Cooke suggested that the air jet from base bleed entrains the wake air, reducing the wake pressure 
and hence increasing the drag. The phenomenon was thought to be similar to ‘jet pump’ action. The flow scheme is 
shown in Fig. 1. 
 
 
Fig. 1. Flow scheme over feather shuttlecock [1, 3]. 
Synthetic shuttlecocks, despite having a more porous skirt, were found to have the same drag coefficient as 
feather shuttlecocks at Reynolds number below 70,000. The air was found bleeding through the skirt but did not 
seem to be affecting the drag characteristics in the usual manner. The effect of air jet flowing over and through the 
shuttlecock dominates any skirt porosity effects. The jet of air entrains the dead air in the wake, causing a further 
reduction in static pressure in the stagnation area. As shown in Fig. 1, the flow behaviour observations related to 
skirt porosity were preliminary as no report on further investigation was reported. 
2. Methodology 
The study was carried out experimentally using wind tunnel. The primary objective was to investigate the effect 
of skirt base gaps and skirt porosity involves mounting shuttlecocks in the wind tunnel and measuring lift and drag 
forces. The mount was connected to a load cell underneath wind tunnel test section. Four different series of 
shuttlecocks, two feather and two synthetic, were tested. Each type of shuttlecock was modified by having their gaps 
closed and tested against unmodified specimens. The shuttlecocks were tested at wind speed of 30, 40, 50, 60, 70, 
80, 100, 120, 140 km/h. The drag forces were then used to calculate normalized drag coefficients. Four models of 
b) Flow scheme over a synthetic shuttlecocka) Flow scheme over a feather shuttlecock 
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shuttlecocks had been acquired and were modified. These shuttlecocks are: a) Yonex Aerosensa 30, b) Grays Feather 
Shuttles Speed 3, c) Yonex Mavis 500, and d) Yonex Mavis 350 as shown in Fig. 2. 
Feather shuttlecocks were modified by having the gaps at the skirt based closed. Synthetic shuttlecocks were 
modified by having the base gaps closed, skirt gaps closed, and the whole skirt section closed. This is to investigate 
the effect of gaps in each section of synthetic shuttlecocks. Fig. 2 shows the modified feather and synthetic 
shuttlecocks respectively. 
 
 
Fig. 2. Standard and modified feather and synthetic shuttlecocks. 
Feather shuttlecocks have only skirt base gaps and thus can be modified in only one way. Feather shuttlecocks 
with the gap closed are denoted with the suffix –close. Synthetic shuttlecocks, on the other hand, have gaps at both 
skirt base and feather, and thus can be modified in three different ways. Synthetic shuttlecocks with skirt base gaps 
closed are denoted with suffix –bot, those with feather closed with suffix –top, and those with the whole skirt 
covered with the suffix –full. The physical dimensions of all shuttlecocks are presented in Table 1. 
Table 1. Shuttlecock dimensions. 
Name Symbol Diameter (mm) Length (mm) 
Yonex Aerosensa 30 – denoted ‘F1’ F1 66 85 
Grays Feather Shuttles Speed 3 - denoted ‘F2’  F2 66 85 
Yonex Mavis 500 – denoted ‘S1’ S1 67 85 
Yonex Mavis 350 – denoted ‘S2’ S2 67 85 
  
The experimental measurements were undertaken in RMIT Aerodynamic Wind Tunnel. The setup is shown in 
Fig. 3. 
 
a) Modified feather shuttlecock b) Modified synthetic  shuttlecock
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Fig. 3. Experimental set up at RMIT Aerodynamic wind tunnel. 
3. Results and Discussion 
The drag force measured from the experiment was converted to the normalised parameter drag coefficient Cd by 
the following equation: 
ܥௗ ൌ ி೏భ
మఘ௏మ஺
   (1) 
Where, Fd is drag force, ρ is the air density, V is air speed and A is the frontal area of the shuttlecocks, assumed 
to be circular. 
 
The drag coefficients of all shuttlecocks (modified and unmodified) used in this study were plotted as a function 
of wind speeds. These plots are shown in Fig. 4. As mentioned earlier this experimental study was undertaken in 
smooth airflow (low turbulence) wind tunnel. Previous studies undertaken by Alam et al. [1-2], Le Personnic et al. 
[6] were in high turbulence wind tunnel (turbulence intensity is over 2%). The results from the smooth flow wind 
tunnel indicate that most shuttlecocks possess the drag coefficient of around 0.5 which agrees well with the 
published data (e.g., Cooke [4]). The unmodified synthetic shuttlecocks display a reduction in drag coefficient at 
high speeds due to the structural deformation of skirts as reported by Alam et al. [1-2]. This is not the case for 
feather shuttlecocks because feathers have more stiffness than synthetic shuttlecocks. This is supported by the fact 
that the drag reduction at high speeds is minimal for modified synthetic shuttlecocks. The materials used to close the 
gaps in synthetic shuttlecocks also serve as reinforcement to the structure and thus eliminate the structural 
deformation. 
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It is clear that by closing the skirt base gap, preventing the air from going through, the drag coefficient is reduced 
to around 0.3. The different closures of synthetic shuttlecocks can provide insight into the effect caused by blocking 
the air bleed. It can be seen that closing the base gap causes the highest reduction in drag, even greater than having 
the entire skirt covered. Since feather shuttlecocks have little to no opening at the skirt apart from the feather base, it 
can be stated that the condition for having the entire skirt covered is similar to that of modified feather shuttlecocks. 
They also have similar drag coefficients (see Fig. 4). 
 
 
Fig. 4. Drag coefficient variation with wind speeds. 
a) Cd variation with speeds (feather shuttlecocks: F1 & F2
b) Cd variation with speeds (synthetic shuttlecock: S1
c) Cd variation with speeds (synthetic shuttlecock: S2
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In order to explain how decreasing the air bleed can reduce drag, the wake region was considered. At first it was 
believed that the air flowing through the gap prevented the air flowing around the outside of the skirt to recirculate 
back into the blockage region which would cause the recirculation to occur further downstream and would expand 
outward, effectively increasing the wake area behind the shuttlecock. The flow scheme is illustrated in Fig. 5. 
 
 
Fig. 5. Flow scheme around the synthetic and feather shuttlecocks. 
The opening at the end that allows flow to recirculate back in has strong influence on the drag characteristic. 
Without it, greater wake area is bound to occur and thus greater drag. To investigate this hypothesis, several cones 
made of Styrofoam were manufactured to be tested in the same manner as done with the shuttlecocks. The cones 
were of the same length and have the same frontal area as the shuttlecocks. The results of the cone test suggest that 
the closure (and the effect of wake area expansion) affects the drag characteristic in a small portion. 
4. Concluding Remarks 
The following conclusions were made based on the experimental data presented here: 
 
x In smooth flow (low turbulence), shuttlecocks have drag coefficient around 0.5. However, for turbulent flow, the 
drag coefficient can be as high as 0.6.  
x Feather shuttlecocks with gaps closed possess drag coefficient around 0.3, equal to that of a corresponding cone. 
x Synthetic shuttlecocks with upper skirt covered displayed Cd value around 0.4 while lower skirt covered had 
around 0.3. 
x Fully covered synthetic shuttlecock has Cd value slightly higher than the shuttlecock with lower skirt covered 
which is approximately 0.35. 
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